Carboxyl graphene modified Cu x O/Cu electrode was fabricated. The bare copper electrode was firstly anodic polarized in 1.0 mol/L NaOH solution in order to get Cu x O nanoparticles, then the carboxyl graphene (CG) was electrodeposited on the Cu x O/Cu electrode by cyclic potential sweeping. The electrocatalytic oxidation behaviors of calcium folinate (CF) at the graphene modified Cu x O/Cu electrode were investigated by cyclic voltammetry. A positive scan polarization reverse catalytic voltammetry was used to obtain the pure catalytic oxidation current. The graphene modified Cu x O/Cu electrode was served as the electrochemical sensor of CF, a highly sensitivity of 22.0 µA·(µmol/µL) −1 cm −2 was achieved, and the current response was linear with increasing CF concentration in the range of 2.0×10
I. INTRODUCTION
Calcium folinate (CF), also known as leucovorin calcium, is an active metabolic intermediate of folic acid. In clinical, CF commonly served as an antidote [1, 2] to methotrexate, an antineoplastic agent [3] , in order to alleviate the side effect of high concentration of methotrexate [4] . Another application of CF is in cooperation with fluorouracil to improve the reactivity of fluorouracil [1] . Thus, a fast, sensitive and reliable assay method for the determination of CF is necessary. The proposed methods that have been reported for the detection of calcium folinate were mainly highperformance liquid chromatography (HPLC) which was combined with solid-phase extraction and detection with fluorescence [1] or ultraviolet (UV) [2] , capillary electrophoresis (CE) [5] and so on. There also have developed many methods for simultaneous determination of CF, methotrexate and other similar structure compounds, such as HPLC with fluorescence or UV [1, 3, 6] , CE with UV [7] , LC with electrospray ionization mass spectrometry (ESI-MS) [4] , LC-MS [8] , etc. [9] . These methods are often time-consuming, high cost, and need tedious pretreatment, professional operators and multistage steps. In contrast, electrochemical methods are low-cost, time-saving, easy to operate and high sensitivity. Up to now, the reported electrochemical methods * Author to whom correspondence should be addressed. E-mail: sgwu@ustc.edu.cn for detection of CF [10] are very few.
In the electrochemical biosensors, copper electrode is often chosen as a work electrode for its high conductivity and low cost. But the biggest challenge is to protect it from inactivation. Usually, there are two kinds of methods, the first one is to form a stable protection layer on the surface of copper [11, 12] , and the second one is to form an oxidation layer. If a layer of copper oxide or other forms of films form on the surface of copper electrode, it can not only protect electrode from corrosion, but also improve the surface area and enhance the electrochemical properties [13] . Copper oxide is often chosen as sensing materials for its high catalytic activity and easy to prepare. In this work, we built a graphene protected Cu x O/Cu electrode for CF detection. Cu x O nanoparticles are generated on the surface of copper electrode by anodic polarization, and a layer of carboxyl graphene (CG) was subsequently covered on the surface of the Cu x O nanoparticles by electrodeposition. With the protection of CG, the CG/Cu x O/Cu electrode showed an excellent performance for CF detection.
II. EXPERIMENTS
NaH 2 PO 4 ·2H 2 O, Na 2 HPO 4 ·12H 2 O, Na 2 CO 3 , NaOH, and NaHCO 3 are analytical grade and purchased from Sinopharm Chemical Reagent Co., Ltd. and used without purification. CG was purchased from XF NANO, INC (Nanjing, China). CF standard substance (Chinese institute for food and drug control), and CF injection was purchased from Jiangsu Hengrui Medicine Co., Ltd. 0.5 mg/mL carboxyl graphene was dispersed in carbonate buffer solution (pH=10.0), 0.2 mol/L phosphate buffer (pH=10.4) was prepared by mixing appropriate amount of NaH 2 PO 4 ·2H 2 O and Na 2 HPO 4 ·12H 2 O, adjusted by adding NaOH solution and then used as supporting electrolyte. All solutions were prepared with deionized water.
All electrochemical measurements were performed on a LK2005 electrochemical work station (Tianjin LAN-LIKE Co., China) with a conventional three-electrode system. The modified copper electrode (2 mm) served as the working electrode, a platinum wire as the auxiliary electrode and a saturated calomel electrode as the reference electrode. Other commonly used instruments include KQ118 ultrasonic cleaner (Kunshan Ultrasonic Instruments Co., Ltd.), pH meter (Shanghai Precision & Scientific Instrument Co., Ltd.). X-ray photoelectron spectroscopy (XPS) was made at Thermo ESCALAB 250, Al Kα. Raman spectrum was obtained at LabRamHR (JY, France). All experiments were performed at room temperature.
Prior to modification, the bare copper electrode was firstly burnished with a fine SiC paper, then polished carefully with aqueous slurries of alumina powder of 1.0, 0.30, and 0.05 µm, successively, and then cleaned by ultra sonication for 5 min in acetone, ethanol and water respectively, so that the absorbed substances on the electrode surface can be removed thoroughly. After that, the copper electrode was anodic polarized at 0.8 V for 200 s in 1.0 mol/L NaOH solution to form the Cu x O nanoparticles at the surface of the copper electrode. The CG/Cu x O/Cu electrode was prepared by cyclic voltammetry (CV) in a carboxyl graphene suspended (0.5 mg/mL) Na 2 CO 3 -NaHCO 3 solution (pH=10.0) from 0.4 V to −0.8 V at the rate of 50 mV/s for 10 cycles.
The CF injection was added directly into 0.2 mol/L phosphate buffer solution (pH=10.4), using the CG/Cu x O/Cu electrode as working electrode, then the CF can be detected quantitatively by employing the positive scan polarization reverse catalytic voltammetry (PSPRCV) [14] .
III. RESULTS AND DISCUSSION
A. The electrodeposition of the carboxylgraphene on the CuxO/Cu Figure 1 shows the typical cyclic voltammograms of the electrodeposition of carboxyl graphene on the Cu x O/Cu electrode. Two pairs of redox peaks can be observed. Compared with the literature [15] [16] [17] , the first anodic peak at −0.19 V is attributed to the oxidation of Cu to Cu(I). In alkaline solution, Cu(I) hydroxide is the main product and then transforms to the corresponding oxide upon aging, the reaction can be described as,
The second anodic peak at about 0 V is attributed to Cu(I) to Cu(II),
which then transforms through the following process,
There are no Cu(III) species produced under the present conditions [18, 19] . Similarly, the cathodic peaks at −0.22 and −0.55 V belong to the reduction of Cu(II) to Cu(I), and Cu(I) to Cu respectively. Both of the anodic and cathodic currents reduce gradually with the progress of successive cyclic scanning, which demonstrates the formation of CG layer on the surface of the Cu x O/Cu electrode [20] .
B. Characterization of the modified electrode
The chemical environments of both the Cu x O/Cu and CG/Cu x O/Cu electrodes were characterized by XPS. The curve fits of Cu 2p spectrum are shown in Fig.2(A) , which is assigned to 2p 3/2 (930.8 eV) and 2p 1/2 (952.2 eV). Figure 2(B) shows the main peaks assigned to the carbon bond, the peak at approximately 284.9 eV is assigned to C−C/C−H, whereas the peaks at 286.6 and 288.7 eV are attributed to C−O and C=O respectively [21] . These peaks of the CG/Cu x O/Cu electrode mainly attribute to the CG. For the Cu x O/Cu electrode, the intensities of peaks decrease greatly, these weak peaks may come from the adsorption of the small organic molecules in the environment. The chemical compositions of the film are summarized in Table I . Carbon content increases from 30.22% to 56.35%, whereas 
C. Electrocatalytic oxidation of CF at the CG/CuxO/Cu electrode
The electrochemical behaviors of CF at the modified electrodes were studied by cyclic voltammetry. in the absence of CF, when scanning from −0.8 V to 0.4 V, there is an anodic peak at −0.23 V (curve a), which attributes to the oxidation of Cu(0) to Cu(I) or the direct oxidation of Cu(0) to Cu(II). This reaction may correspond to either competing or stepwise processes [26] . In the reversal scan, two cathodic peaks at −0.40 and −0.59 V are observed, which can be assigned to the reduction of Cu(II) to Cu(I) and Cu(I) to Cu(0), respectively. After adding CF (curve b), there is only slight decrease of current in the positive scanning. But in the reverse scanning, it shows a significant change. For the Cu x O/Cu electrode (see Fig.4(B) ), the first reduction peak is almost unchanged both in potential and current, only the current of the second reduction peak decreases obviously. For the CG/Cu x O/Cu electrode (see Fig.4(A) (5) easier and reaction (7) weaker, similarly reaction (9) makes reaction (8) easier and reaction (10) weaker. It can also be seen that there are two well-separated cathodic peaks and stronger catalytic activity due to the existence of CG layer. Meanwhile, the anodic peak of Cu(I) to Cu(II) (for reaction (7)) almost disappeares due to the catalytic reaction (6). Figure 5 shows the CV response of the CG/Cu x O/Cu electrode in 0.2 mol/L PBS solution with different concentration of CF. In positive scan, the peak currents have a slightly decrease with the increase of CF concentration. In reverse scan, both the reduction peak potentials and currents have a big change, the two peaks move closer and closer and almost overlap completely when CF concentration is high enough, which contribute to the oxidation of CF by Cu(I). All the Cu(I) ions reduced by Cu(II) are used for the oxidation of CF, so the cathodic peak seems to be Cu(II) directly reduction to Cu(0).
We have also studied the influence of the potential scan rate. Figure 6 (a) displays the influence of the scan rate on the peak currents of the CG/Cu x O/Cu electrode in 0.2 mol/L PBS (pH=10.4). With the scan rate increasing, both the cathodic and anodic peak currents increased. The anodic peak current of Cu(I) to Cu(II) is obviously weak. The oxidation peak current of Cu(0) to Cu(I) (i pa ), reduction peak currents of Cu(II) to Cu(I) (i pc1 ) and Cu(I) to Cu(0) (i pc2 ) are proportional to the square root of the scan rate (v) in the range from 10 mV/s to 100 mV/s (see Fig.6(b) ), with the correlation coefficients R 2 of 0.9927, 0.9976, and 0.9984 respectively. This indicates the redox process of different states of copper ions is diffusion controlled. Furthermore, the oxidation peak shifted positively and the reduction peaks shifted negatively with the scan rate increasing, which means the redox reactions of the modified electrode is quasi-reversible.
D. Quantitative detection of CF by using the CG/CuxO/ Cu electrode with PSPRCV
The PSPRCV was proposed based on cyclic voltammetry by our group [14] . Like cyclic voltammetry, the potential first scans positively from initial to switching potential, the working electrode is anodic polarized, then the potential scans reversely (negatively) to the initial, the voltammogram is recorded. Finally, the blank data (without analyte) is deducted from the sample data (with analyte). The difference value peak current presents the pure catalytic current and is proportional to the bulk concentration of the analyte.
From Fig.5 , we can see that both the oxidation peaks and reduction peaks have regular change with increase of CF concentration. In the positive scan, the peak current has a slight change. However, in the negative (reverse) scan, the two reduction peaks change very much with increase of CF concentration. Based on PSPRCV, in the absence of CF, the recorded voltammogram is stored as the blank data, the two reduction peaks present the reduction of Cu(II) to Cu(I) and Cu(I) to Cu(0) respectively. In the presence of CF, the recorded voltammograms stored as the sample data, the reduction peak current is amplified by the catalytic reaction. The difference value voltammogram is achieved by subtracting the blank data from the sample data, which presents the catalytic current caused by the oxidation of CF. 
where R 2 =0.9981. The limit of detection (LOD) is 0.076 µmol/L at the signal to noise ratio (S/N =3), and the current sensitivity of the modified electrode is 22.0 µA·µmol/L −1 ·cm −2 . Table II gives a comparision of the analytical performance between our work and the reported in literatures.
To illustrate the reproducibility and repeatability of the CG/Cu x O/Cu electrode, control tests were per- formed. Ten successive measurements for 5 µmol/L CF of 0.2 mol/L PBS resolution, the peak currents of the modified electrode gave a relative standard deviation of 1.55%, while the Cu x O/Cu electrode gave a RSD 12.8%, which is much larger than the CG protected Cu x O/Cu electrode. Also, seven different solutions containing 5 µmol/L of CF were tested, the CG/Cu x O/Cu electrode gave a RSD of 8.82%, whereas the RSD of the Cu x O/Cu electrode was 29.6%. These results illustrate the protective effect of the CG to stabilize the Cu x O nanoparticles.
For long-term stability, the CG/Cu x O/Cu electrode was repeatedly used in 0.2 mol/L PBS for one week, the peak current remained 85.7% of the initial value, while for the Cu x O/Cu electrode, the surface of the electrode had a severe oxidation and was unable to use for CF detection. As mentioned above, the CG protected
